The objectives of this study were to derive economic values in broiler breeding and to determine their relationship with production circumstances. Economic values were derived using a deterministic economic model based on profit equations with a fixed amount of broiler meat output of the production system. Nonintegrated and the integrated broiler production systems were studied. The difference between these originates from different definitions of cost components and scaling aspects. For each stage of an nonintegrated system, the model calculated the profit margin; for an integrated system, (total) cost prices per unit of product at each stage were calculated. The Dutch broiler performance data and prices were input into the model as the representative situation. For all traits, in the nonintegrated system, economic values were derived, expressed as Dutch guilders (Dfl) per unit of product, where the unit of product depends on the stage of the production system and equals an egg for the multiplier breeder, a day-old chick for the hatchery, and a marketable broiler for the commercial grower and processor. Resulting levels of economic values were illustrated by showing underlying cost or profit changes in the production system. For the integrated system, economic values were expressed as Dfl·marketable broiler -1 ·unit -1 . Economic values of traits in the integrated system were also derived for situations where technical parameters or prices of productive factors were changed (20% increase or decrease). A general conclusion from these sensitivity analyses is that the economic values are sensitive to production levels, product prices and feed prices; there are both linear and nonlinear relationships between economic values and production circumstances.
INTRODUCTION
A breeding goal provides the basis for each breeding program. To optimize levels of genetic improvement of breeding goal traits, traits are weighted by their predicted contribution to increased economic revenue (Hazel, 1943) . The contribution of a trait to increased economic revenue is determined by 1) time and frequency of future expression of genetic superiority for the trait, and 2) economic benefit at the moment of expression of genetic superiority for the trait (McClintock and Cunningham, 1974; Brascamp, 1978) . This latter aspect is generally referred to as the economic value of a trait.
Only few sets of economic values in poultry breeding have been presented in the scientific literature (see Harris and Newman, 1994) . Using simple marginal cost and marginal revenue functions (per bird), Hogsett and Nordskog (1958) obtained economic values in layer chicken breeding. Akbar et al. (1986) developed profit functions to describe bioeconomic objectives in an integrated (three-way cross) broiler production system. They derived economic values considering maximization of the profitability per broiler as the objective. Shalev and Pasternak (1983) derived economic values using a single profit function describing production cost per unit of marketable broiler body weight in a fully integrated broiler enterprise. Economic values may differ for integrated and nonintegrated systems and Strain and Nordskog (1962) studied this using profit equations for the evaluation of both an nonintegrated broiler enterprise and an integrated enterprise with parent flocks and broiler progeny.
As pointed out by Dickerson (1970) , it is important to consider the whole production-marketing system, rather than only part of it. For this reason we modeled a broiler production system including multiplier breeder, hatch-ery, commercial grower, and processor. The aim of the present study was to derive economic values of traits in broiler breeding, for both integrated and nonintegrated production systems, and to determine the influence of production circumstances (price and performance data) on economic values.
MATERIALS AND METHODS

Model
The deterministic model by Groen et al. (1998) was used. The model was developed for the economic analysis of broiler production. The general structure of broiler production is as described in Groen et al. (1998: Figure 1) . The model focuses on multiplier breeder, hatchery, commercial grower, and processor stages. Major elements and their relationships in the model are outlined briefly; detailed information is given by Groen et al. (1998) . Price and performance data are summarized in Table 1 .
The size of the system is defined by a fixed output of carcass of final product (FP) broilers, ignoring market output from the multiplier breeder (laying hens, breeder males). Sizes of subsequent system stages are derived from this fixed output. The number (#) of parental stock (PS) female chicks required to produce the fixed output depends on performance levels of PS (i.e., hen-housed egg production) and FP (i.e., live weight and carcass yield), as well as on rates of involuntary culling of chickens and eggs.
Revenues of the multiplier breeder originate from selling FP eggs to the hatchery, whereas costs include purchasing PS chicks, feed costs of PS (breeder) males, feed costs of PS females (growth and egg production), and other variable and fixed costs (e.g., housing, and labor). Salvage values of PS females, PS males, and cull eggs are considered to be negative cost components. Separate mortality rates for male and female PS are assumed. Feed costs associated with early mortality are ignored. Feed costs associated with mortality during other periods are proportional to the live weight of the animals at the midpoint of this period.
At the hatchery, some of the FP eggs will not be fertilized (determined by the percentage of fertile FP eggs), and some of the fertilized eggs will not yield a living FP chicks (determined by the percentage hatch of fertile eggs). Variable and fixed costs of the hatchery are included, with variable costs assumed proportional to the number of eggs hatched.
The commercial grower purchases FP chicks from the hatchery at a uniform price per chick. A 1:1 sex ratio in chicks at hatch is assumed. Males and females differ with respect to (early and late) mortality, feed intake, finishing weight, and prices per kilogram live weight at finishing. Feed costs associated with early mortality are ignored; feed costs of late mortality are related to 50% of finishing weight. Revenues of the commercial grower arise from selling FP animals. The commercial grower is paid per kilogram of FP finishing weight.
The processor is included in the model to define relationships between FP quality and price per kilogram live weight. On the consumer market, products are either the whole carcass ("whole bird" base) or breast, wings, and legs ("further processed" base). On the "whole bird" base, quality is defined in terms of percentage of the carcass in grade A. On the "further processed" base, quality is determined by breast, wings, and leg yields. Processing costs per FP bird are included, again distinguishing between processing costs on "whole bird" and on "further processed" base.
Performance data and prices are equal for nonintegrated and integrated systems. In nonintegrated systems, however, products transferred from one stage to another are assigned costs according to market price, whereas in the integrated system costs are assigned according to cost price in the preceding stage. For each stage of the production system, the model computes total revenues and total costs, in which fixed costs include reward for labor and ownership. In the case of the nonintegrated system, prices for inputs and outputs are their market prices. In the case of the integrated system, as prices of inputs for a stage that are the output of the preceding stage, the cost prices at the preceding are taken. The base for the derivation of economic values differs between nonintegrated and integrated systems. In nonintegrated systems, the basis is profit margin (i.e., the difference between revenue and cost). In the integrated system, the basis is the cost price per unit of product. For both of the two situations, the economic values are derived from savings on cost for system or subsystems, rather than from an increase in output.
Derivation of Economic Values
In general, the economic value of a trait is defined as "the change in profitability of an enterprise expressed per unit product output as a consequence of one unit of change in performance of the trait considered, without changing performance of other traits". In an integrated broiler enterprise, the unit product output is a marketable FP bird. In a nonintegrated enterprise, the unit product output is a FP egg for the multiplier breeder, a FP chick for the hatchery, and a marketable FP bird for the commercial grower and processor. The unit of change in performance is defined per trait, e.g., kilogram per marketable bird when considering body weight, percentage when considering mortality trait, or egg per female when considering hatching egg production (Table 2) .
Economic values in principle are derived by computing profit margin (nonintegrated) or cost price (integrated) for the base level of the trait concerned and for a level that is marginally higher. It has been shown by Groen (1989b) that in the case of fixed product output, which is the case here, economic values equal the average variable cost minus the marginal costs. That is, the economic value of an increase in egg number per parent stock female will be 1 The base of evaluation in different system stages is defined as per egg for Multiplier breeder, per chick for Hatchery, per (marketable) bird for Commercial grower and Processor. According to "performance input data" in Table 1 , there exists a fixed relationship among different bases of evaluation. Equivalent are 1 hen housed, 150 hatching egg, 121.50 chicks, 116.03 finishing birds and 167.64 kg of meat. The equivalence can be used to change the base of evaluation from one to another.
2 In Processor, the economic value only denotes birds of a single sex. The economic value of carcass is based on "whole bird" and of breast meat, wings or legs is based on "further processed".
3 Dfl: Dutch Guilder. 1.00 Dfl = 0.51 $US = 0.74 $Can, approx. FP = final product. PS = parental stock. positive when the marginal cost of an additional egg per female is lower than the average variable cost per egg before genetic improvement. An exception is that the economic values of breast meat, legs, and wings are determined by marginal revenues, as they are affected by market price. The defined representative market prices and performance levels influence average variable cost in the representative situation, and will, therefore, influence economic values. These influences are illustrated by giving underlying aspects of quantification and valuation of changes in cost or profit of the system. Moreover, the sensitivity of economic values is illustrated by results from alternative performance levels and price elements (product prices and feed prices).
RESULTS
Representative Reference Situation
Economic values for an un-integrated broiler enterprise, assuming representative parameters ( At the multiplier breeder stage, seven traits are considered. The base of evaluation is per unit of product, i.e., per hatching egg. The economic value of hatching egg numbers originates from decreases in cost of purchasing PS chicks and feed cost. As hatching egg number per hen housed increases from 150 (Table 1) to 151, for getting the same output, i.e., 894,754.47 FP eggs, the numbers of PS female in every production period are reduced. The reduction in PS female number also decreases the number of PS males, as they are set proportional to those of females. Thus, costs for purchasing PS chicks are decreased by (6,345.20 -6,303 The base of evaluation of per individual, i.e., per finished broiler bird. The meanings of the traits are: Finishing weight = Market weight of commercial broiler for both male and female at 7 wk of age. Feed consumption = Feed in kilograms for both male and female commercial broiler from day-old to market weight. Mortality = number of commercial broilers died during the late growing period (Week 2 onwards) as a percentage of number of day-old chick for both sexes. Hatching egg = number of hatching eggs per hen housed for breeders. Laying feed = Feed consumption in kg for pen housed in laying period for parental stock. Fertility = Number of fertile eggs as a percentage of total eggs for breeders. Hatchability = Number of chicks (alive) as a percentage of number of fertile eggs for breeders. Carcass yield = Percentage carcass yield of commercial broilers of both sexes. Breast meat = Breast yield as a percentage of total carcass weight in both male and female commercial broilers.
2 Based on "whole bird". 3 Based on "further processed". The economic value of feed consumption in the laying period is worked out thus: an additional 1 kg feed consumption does not change the number of animals in the system, but increases feed cost directly. Thus, the economic value for feed consumption in the laying period is -(5,965.03 hens housed × 1 kg feed per hen housed × 0.55 Dfl/kg of feed)/894,754.47 eggs = -0.0037 Dfl. The economic values of mortality of PS females in different periods originate from increase in cost of purchasing PS chicks and feed cost in both in PS females and males because an additional percentage of mortality leads to increasing the numbers of females and males in different periods. In the same way, it can be illustrated that the economic value of the body weights of PS females at the end of lay originates from a decrease in cost of multiplier breeder. This decrease in cost originates from an increase in the salvage value of females, as the salvage value is considered a negative cost component.
At the hatchery stage, the base of evaluation is per unit of product, i.e., per day-old chick. Fertility and hatchability of fertiles have the same economic value. With an additional percentage in fertility or in hatchability, the number of hatching eggs needed to produce the constant output (724,751.12 This computation illustrates that the economic value of body weight originates from a decrease in the number of animals per fixed output of FP finished, leading to a decrease in cost of purchasing day-old chicks and in variable cost. As males and females are different in feed efficiency, the repartition of output between males and females also contributes to the profit, either positively or negatively. The economic value of an additional 1 kg feed consumed is the same for both male and female, because increasing feed consumption only increases feed cost by (692,137.32/2 birds + 724,751.12 × 0.0225 birds/2) × 1 kg feed × 0.63 Dfl/kg feed = 223,159.93 Dfl; thus, the economic values is -223,159.93/692,137.32 = -0.3224 Dfl.
The economic values of mortality originate from increase in cost of purchasing day-old chicks and feed, and variable cost.
At the processor stage, the base of evaluation is per individual, i.e., per marketable male or female bird. The economic value of carcass yield of a FP male is derived as follows. In the representative situation, the profit of a male bird is 2.3 kg live weight × 68.8% × 3.5 Dfl/kg carcass -2.3 × 2 Dfl/kg live weight -0.65 Dfl per bird = 0.2884 Dfl.
When the carcass yield of FP male increases from 68.8 to 69.8%, the number of birds needed for 1,000,000 kg FP meat output decreases from 692,137.32 to 685,947.22. Profit per male bird is 2.3 × 69.8% × 3.5 -2.3 × 2 -0.65 = 0.3689 Dfl. The economic value per additional 1% of carcass yield is 0.3689 -0.2884 = 0.0805 Dfl. Economic values of breast meat yield, wings yield, and legs yield originate from the repartition of different parts of carcass and this leads to changes in revenue, as the product prices for them are higher than that for the remainder. As an example, the economic value of an additional percent of breast meat yield in male birds is 1% × 2.3 kg per bird × 68.8% × (10.00 Dfl/kg breast meat -0.5 Dfl/kg remainder) = 0.1503 Dfl. In the same way, economic values of carcass traits of FP female are derived.
In an integrated broiler enterprise, two factors are taken into consideration. First, traits considered are only those generally important in broiler breeding. Three dam traits, three broiler traits, and two carcass traits are considered (Table 3 ; defined in the footnote of the table). The definition for each broiler trait and carcass trait is a combination of male and female, which is different from that in the situation of nonintegration. Secondly, only for integration level, are the effects of production levels, product prices, and feed prices on economic values of traits studied.
In an integrated broiler enterprise, the base of evaluation of economic values is per individual, i.e., per marketable broiler bird. The prices of products for the multiplier breeder and hatchery are set to be equal to their costs, and the costs for the processor are set to be equal to their market prices of products; thus, in the production system, all of the profits from a subsystem are expressed at the commercial grower stage. Economic values of traits are in Table 3 . For broiler traits, the economic values are equal to those in the situation of nonintegration, because the base of evaluation is the same for these traits, except that here these traits are expressed based on a combined improvement in males and females. For example, the economic value of finishing weight is the sum of 0.3552 Dfl (for females only) and 0.3745 Dfl (for males only). For carcass traits and dam traits, the base of evaluation is different from the one in the situation of nonintegration.
Alternative Production Levels
Influences of alternative production levels on the economic values in an integrated broiler enterprise are calculated (Table 3) . It is worth noting that changes in hatching egg number do not influence the economic values of traits at the commercial grower and the processor stage downstream, but only change those at the multiplier breeder and the hatchery stage. Changes in traits at the commercial grower influence economic values of traits at both the commercial grower and processor stage, but do not upstream change those of the multiplier breeder and hatchery stage. Table 3 shows that economic values of feed consumption, mortality, carcass yield, and breast meat are sensitive to changes in finishing weight; higher finishing weight gives higher economic values of carcass yield and breast meat, but leads to lower economic values of feed consumption and mortality. For example, a 20% change in finishing weight leads to 0.1290 Dfl change in economic value of feed consumption. Changes in feed consumption only result in changes in the economic values of finishing weight and mortality. Changes in mortality result in slight changes in the economic values of finishing weight and feed consumption.
A 20% decrease of hatching egg production results in increases of the economic values of hatching egg by 57% (from 0.0030 to 0.0047 Dfl) and hatchability/fertility by 22% (from 0.0060 to 0.0073 Dfl), and a decrease of economic value of laying feed by 26% (from -0.0047 to -0.0059 Dfl). Figure 1 gives economic values of dam traits (hatching egg, hatchability/fertility and laying feed) at different hatching egg production levels. Model calculations show that with increasing hatching egg production per hen housed, hatching egg cost decreases from 1.778 Dfl for 30 hatching eggs to 0.213 Dfl for 250 hatching eggs, day-old chick cost decreases from 2.281 to 0.350 Dfl, and laying feed consumption per egg decreases from 1.500 to 0.180 kg, respectively. The value of an additional hatching egg expressed as per broiler per year decreases from 0.0740 to 0.0011 Dfl; the value of an additional 1% of hatchability/fertility decreases from 0.0263 to 0.0040 Dfl; 1 The production unit is set as marketable commercial broiler. The meanings of the traits are: Finishing weight = Market weight of commercial broiler for both male and female at 7 wk of age. Feed consumption = Feed in kilograms for both male and female commercial broiler from day-old to market weight. Mortality = number of commercial broilers died during the late growing period (Week 2 onwards) as a percentage of number of day-old chick for both sexes. Hatching egg = number of hatching eggs per hen housed for breeders. Laying feed = Feed consumption in kg for pen housed in laying period for parental stock. Fertility = Number of fertile eggs as a percentage of total eggs for breeders. Hatchability = Number of chicks (alive) as a percentage of number of fertile eggs for breeders. Carcass yield = Percentage carcass yield of commercial broilers of both sexes. Breast meat = Breast yield as a percentage of total carcass weight in both male and female commercial broilers.
2 Based on "whole bird". 3 Based on "further processed". and the value of an additional kilogram of laying feed increases from -0.0237 to -0.0028 Dfl. Figure 1 shows that the relationships between economic values of the concerned traits and hatching egg production levels are nonlinear. Shultz (1986) presented similar results, although the economic curve for a trait followed a stairstep pattern in that study.
Alternative Product Prices
Economic values of production traits in relation to product prices in an integrated broiler enterprise are given in Table 4 . Groen (1989a) stated that changes in product prices would only change economic values of those traits that influence output of corresponding products. Increases in product price will lead to linear increases in the economic values of the traits considered (Table 4) . As the product price increases, the increase in the economic values is faster for finishing weight than for carcass yield and breast meat, implying that at different product price levels, relative values of traits would change.
Alternative Feed Prices
Influences of feed prices on economic values in an integrated broiler enterprise are shown in Table 5 . Changes in the price of feed for the commercial grower only change economic values of traits for the commercial grower; changes in the price of feed for the multiplier breeder only result in changes in economic values of traits for the multiplier breeder and the hatchery. As the feed price for commercial broilers increases, economic values of finishing weight and feed consumption are decreased, and the economic cost of mortality is increased. As the feed price for breeders increases, economic values of hatching egg and hatchability/fertility are increased, whereas the economic value of laying feed is decreased. If absolute values of the economic values are considered, only those of finishing weight and mortality are decreased and those of the other four traits among the aforementioned six traits are increased as the prices of feed increase.
DISCUSSION
The deterministic model by Groen et al. (1998) is flexible. Economic values can be derived with different bases of evaluation, i.e., per female, per individual, and per unit of product. It is also suitable for different kinds of broiler enterprise, either nonintegration, full integration, or part integration. In every situation, the model assumes a fixed consumer market demand, i.e., fixed product output. In deriving economic values in the case of the integrated system, taking per unit of product as the base of evaluation already implies that product output is fixed. The assumption of output limitation is more acceptable in developed countries than in some developing ones where there are potentials to increase The production unit is set as marketable commercial broiler. 2 The meanings of the traits are: Finishing weight = Market weight of commercial broiler for both male and female at 7 wk of age. Feed consumption = Feed in kilograms for both male and female commercial broiler from day-old to market weight. Mortality = number of commercial broilers died during the late growing period (Week 2 onwards) as a percentage of number of day-old chick for both sexes. Hatching egg = number of hatching eggs per hen housed for breeders. Laying feed = Feed consumption in kg for pen housed in laying period for parental stock. Fertility = Number of fertile eggs as a percentage of total eggs for breeders. Hatchability = Number of chicks (alive) as a percentage of number of fertile eggs for breeders. Carcass yield = Percentage carcass yield of commercial broilers of both sexes. Breast meat = Breast yield as a percentage of total carcass weight in both male and female commercial broilers.
3 Price A denotes the price of feed for commercial broilers in whole growing period. 4 Price B denotes the prices of three kinds of feed for parent stock in rearing period, male breeders in laying period and hens in laying period. the average consumption of poultry meat. The model is written as a spreadsheet program. The model and the method of deriving economic values in this study can be extended, without changing the computer program, to apply in other meat-type poultry, e.g., turkeys and ducks, as the breeding method and production system are similar to that of broilers (Hunton, 1990) . The model can also be extended to apply to the situation without output limitation just by changing a few lines in the computer program. In the present study, the basic scale that establishes size of the broiler production system is a fixed amount of broiler carcass output. Any change in phenotypic trait does not change the gross revenue of the integrated enterprise. Moreover, any change in trait of a subsystem does not change the revenue of the same subsystem in the nonintegrated enterprise. The economic value of genetic improvement originates from reducing cost per unit of product value, rather than increasing revenue. Thus, in this study the difference between integrated and nonintegrated enterprises lies in two aspects, the definition of the cost components and the production scale.
The size of a subsystem may change as a result of change in performance in other subsystems. Both input and output production scales in commercial grower (number of animals) are influenced by finishing weight but not by hatching egg production; multiplier breeder and hatchery subsystems (number of animals and FP eggs) are influenced by both hatching egg number and finishing weight, in situations of both integration and nonintegration (Groen et al., 1998) . The genetic improvement of traits in one stage of subsystem will upstream force the other stages of subsystem to change size of output, and thus changes the revenue and total profit. For example, in the situation of nonintegration, the hatchery may not expect genetic improvement in finishing weight of the FP broiler, which means that the commercial grower will need a smaller number of FP chicks. A probable compensation for the hatchery is that the commercial grower will pay the hatchery according to genetic quality of FP chicks, e.g., a higher price for chicks with higher potential of growth. Therefore, based on the same consumer market demand and fixed market prices, the implications of genetic improvement are different between nonintegrated and integrated broiler enterprises. Strain and Nordskog (1962) suggested that the breeder hen be used as the profit unit in an integrated enterprise; but it may provide a highly exaggerated estimate of relative economic worth of reproductive traits, as shown by . suggested 1 lb (or 1 kg) broiler meat be used as a production unit. Harris (1970) indicated that the animal breeder's primary unit of selection is usually the individual animal. In this study, both per unit of product and per individual are used as the bases of evaluation. As in nonintegration and integration, the output of the production system is at a given scale, there exists a fixed relationship among different bases of evaluation, e.g., in the representative situation as defined in Table 3 , per FP finished bird is equivalent to 894,754.47 eggs/692,137.32 birds = 1.2927 eggs. This relationship can be used to change the expression of economic values from one base of evaluation to another directly, e.g., the economic value of laying feed in an integrated enterprise (-0.0047 Dfl, Table 3 ) is derived from the one in the nonintegrated situation (-0.0037 Dfl, Table 2 ) multiplied by 1.2927. Thus, choices may be made by breeders, as different perspectives of breeding goals may exist.
This study shows that, in an integrated broiler enterprise, the economic return of selection for dam traits (reproduction traits) are much smaller than those of broiler traits (production traits). Figure 1 illustrates that whereas the initial reproductive levels are higher, the economic values of the reproductive traits are correspondingly lower. These results agree with the conclusion of . Moav and Hill (1966) stated that in broilers the average commercial standard of reproductive performance was sufficiently high that selection on production traits alone was almost as efficient as selection on the optimum index. In broiler breeding practice, selection is carried out differently in dam lines and sire lines by using a different selection index; some reproductive traits, such as egg production, are only required in the dam line (Hunton, 1990) . However, greater attention should be paid to reproductive traits at least for two reasons (Hunton, 1990) : 1) improvement in production traits, especially growth rate is appreciable, but the associated deterioration in reproductive performance is not welcomed by the broiler industry; 2) although most broilers are grown by integrated operations, broiler hatcheries may not be part of integrated corporations, and they are concerned with the cost of producing a broiler chick. Moreover, as commercial broilers are crossbreeds, the number of times traits are expressed in a population and the interval between selection and expression of these traits should be considered. The marginal economic values should be weighted by the number of discounted expressions for each trait (McClintock and Cunningham, 1974; Brascamp, 1978) . These items leave room for further study.
Different sets of economic weights may exist between groups of producers, although these depend on the perspective in investment (e.g., from a national viewpoint or a competitive viewpoint) and on the different breeds or areas or production system, rather on the base of evaluation (Brascamp et al., 1985) . Similar phenomena were mentioned by Hazel (1943) , Pearson (1982) , Smith (1985) , and Groen (1990) . As shown in this study, the economic values of performance traits in broilers are sensitive to production levels, product prices, and feed prices; and there are both linear (Tables 3, 4 , and 5) and nonlinear (Table 3, Figure 1 ) relationships between economic values and production circumstances. This sensitivity shows that relative values might change in future. Smith (1985) studied the cost and revenue of selecting many breeding stocks of a species and concluded that, from national viewpoint, the costs of developing alternative selection stocks are small relative to the possible returns. However, as indicated by Groen (1990) , assumptions made by Smith (1985) , especially on the level of the risk factor and the marginal cost of additional stocks, possibly were an overestimation of benefits of having a large number of stocks. Groen (1990) showed that losses in revenue due to incorrect prediction of production circumstances seemed too low to justify complete diversification of cattle breeding goals within a breeding organization, except for different types of output limitations. Groen (1990) made assumptions only by changing price parameters by 10%. As the rate of prices may change by more than 10% under future production circumstances, losses in revenue may be higher. Therefore, influences of production circumstances on the economic revenue of broiler breeding programs are worthy of further study.
